Aim: To investigate the prevalence of human bocavirus (hBoV), human coronaviruses (hCoV), and human polyomaviruses (hPyV) among patients with severe acute respiratory illness (SARI), in South Africa.
Results: Human bocavirus, hCoV-229E, and hPyV-WU were detected in 3.7% (25/ 680), 4.1% (28/680), and 4.1% (28/680) of respiratory specimens, respectively. All other viruses were detected in <2% of specimens. Rhinovirus was the most common coinfecting virus (21.4%-60.7%), followed by adenovirus (21.4%-39.3%), and respiratory syncytial virus (10.7%-24.0%). Testing for the additional viruses (hBoV, hCoV, and hPyV) decreased the number of specimens that initially tested negative by 2.9% (20/680).
Conclusion:
Inclusion of laboratory tests for hBoV, hCoV-229E, and hPyV-WU in differential testing algorithms for surveillance and diagnostics for suspected cases of respiratory illness of unknown cause may improve our understanding of the etiology of SARI, especially in a country like South Africa with a high number of immune compromised persons. Within 72 hours of collection, the specimens were transported to the National Institute for Communicable Diseases (Johannesburg, South Africa) for testing. Respiratory specimens were stored at −70°C.
After sorting by collection date, a subset of respiratory specimens was randomly selected in age-categories (<1, 1-4, 5-24, 25-44, 45-65, and > 65 years of age), for inclusion in this study. From a total of 5784 specimens collected during the surveillance period, every eighth specimen was then systematically selected for inclusion in this study to obtain a study sample of 680 (11.8%).
The specimens were tested using a multiplex reverse transcription real-time PCR (RT-qPCR) assay for the following viruses: hBoV, hCoV-OC43, hCoV-229E, hCoV-NL63, hCoV-HKU1, hPyV-WU, and hPyV-KI. 11, 12 The RT-qPCR assay was performed using parameters and cycling conditions previously described, 2 with the following modifications: 2.27 μM anchored-oligo (dT) 18 primer and 54.55 μM random hexamer primer was used in the reverse transcription reaction. The respiratory specimens from SARI surveillance were also routinely tested by multiplex RT-qPCR assay for AdV, enterovirus, HMPV, PIV types 1 to 3, RSV, RV, INFA, and INFB. 
| Statistical analysis
Prevalence of hBoV, hCoV, and hPyV viruses were compared between age groups, HIV-infected and HIV-uninfected individuals, and individuals with and without non-HIV underlying medical conditions (predominantly, asthma, heart disease, pregnancy, diabetes, seizure disorders, and malnutrition) using the chi-square test or Fisher exact test. Stata® version 14 (StataCorp, College Station, Texas, USA) was used to implement the analysis.
| Ethical approval
The protocol was approved by the University of the Witwatersrand 3 | RESULTS
| Study population
Among the patients included in this study, children aged <1 year accounted for the largest proportion of cases (46.8%; 318/680). Among individuals with available information, the HIV prevalence was 30.5%
(204/668), and the prevalence of non-HIV underlying medical conditions was 7.5% (51/678). CD4 + count information was only available for a Abbreviations: hBoV, human bocavirus; hCoV-NL63, human coronavirus NL63; hCoV-HKU1, human coronavirus HKU1; hCoV-OC43, human coronavirus OC43; hCoV-229E, human coronavirus 229E; HIV, human immunodeficiency virus; hPyV-KI, Karolinska Insitute human polyomavirus; hPyV-WU, Washington University human polyomavirus.
a Asthma, other chronic lung disease, cerebrovascular accident/stroke, chronic renal failure, heart failure, valvular heart disease, coronary artery disease, immunosuppressive therapy, cortisone, chemotherapy, radiation therapy, organ transplant, pregnancy, sickle cell disease, splenectomy, diabetes, burns, immunoglobulin deficiency, autoimmune disease, kwashiorkor/marasmus, nephritic syndrome, spinal cord injury, seizure disorder, prematurity, obesity, chronic obstructive pulmonary disease/emphysema, malignancy/cancer, and malnutrition.
P values: determined using the Fisher's exact test and values <0.05 represents statistical significance within that category.
b P values comparing the prevalence of each virus between patients in the various age groups.
c P values comparing the prevalence of each virus between HIV-infected and HIV-uninfected patients.
d P values comparing the prevalence of each virus between individuals with and without non-HIV underlying medical conditions.
-: P value could not be determined. limited number of individuals; therefore, these results could not be utilized. Age distribution and HIV prevalence of cases included in and excluded from this study were statistically similar (Table 1) .
| Prevalence of hBoV, hCoV, hPyV, and commonly tested viruses
Among the hBoV, hCoV, and hPyV, hBoV (3.7%; 25/680), hCoV-229E (4.1%; 28/680), and hPyV-WU (4.1%; 28/680) were the most frequently detected. Human coronaviruses-OC43, hCoV-NL63, hCoV-HKU1, and hPyV-KI were each detected in <2% of specimens (Table 2 ). The prevalence of hBoV, hCoV-229E, and hPyV-WU were similar or higher than those of some other respiratory viruses commonly tested for, including HMPV (3.5%; 24/680), PIV-1 (2.1%; 14/ 680), PIV-2 (0.9%; 6/680), PIV-3 (3.5%; 24/680), INFA (2.8%; 19/ 680), and INFB (2.6%; 18/680) ( Table 3 ).
Human bocavirus (5.6%; 8/144), hCoV-229E (6.3%; 9/144), and hPyV-WU (11.1%; 16/144), were the most frequently detected among children aged 1 to 4 years. A significant difference in the prevalence across age groups was only observed for hPyV-WU (P = .001, Fisher's exact test). Among the commonly tested viruses in this age group, HMPV; PIV 1, 2, and 3; INFA; and INFB virus had a lower prevalence, (Table 2) . Karolinska
Insitute human polyomavirus (3.9%; 2/51) was also most frequently detected among patients with non-HIV underlying medical conditions; this difference, however, was not statistically significant (Table 2) . 
| DISCUSSION
The detection rate of hBoV, hCoV, and hPyV-WU was <4.2%. Children aged 1 to 4 years were more likely to be infected with hBoV, hCoV-229E, or hPyV-WU in comparison with older children and adults. The overall prevalence of hBoV, hCoV-229E, and hPyV-WU among patients with SARI were similar or higher than those of some more commonly detected respiratory viruses such as HMPV, PIV types 1 to 3, INFA, and INFB. However, the high coinfection rate observed, especially among hPyV-WU infected patients with other viruses, will make the interpretation of the etiological association difficult and should be kept in mind in studies that would aim to address this.
Although we detected hBoV in 3.7% (25/680) of specimens, we did not test these cases for hBoV mRNA or viral DNA load to assess the proportion of cases with active infection as described by Xu et al. 13 In a similar study conducted in South Africa during 2006 to 2007, 610 hospitalised children aged <5 years that required medical attention or hospitalization were tested for several respiratory viruses including those tested in our study 14 . Among these children, hBoV, hCoV-229E, and hPyV-WU were detected in 6.1% (37/610), 0.3% (2/610), and 3.4% (21/610) of specimens, respectively. In our study, a higher prevalence of hCoV-229E was reported (Table 2 ). This may be due to the different case definitions used in the 2 studies. Findings similar to ours were reported in a study conducted in the Gulf region in children <5 years of age. In the latter study, the reported detection rates for these viruses were 4.9% (14/331) hBoV and hCoV-229E, and 3.5% (10/331) hPyV-WU. 5 Globally, hBoV and hPyV-WU are predominantly observed in children aged <4 years with upper and lower respiratory tract infection, which was also observed in our study. 15 A recent South African study found that among children aged <1 year, hBoV (but not hCoV) detection was significantly associated with severe illness. 16 Human polyomaviruses was not investigated in the latter study. Therefore, inclusion of laboratory tests for hBoV, hCoV- This study has limitations that warrant discussion. First, only patients with SARI were included in this study. As no control participant group was evaluated, the association and/or fraction of hBoV, hCoV, and hPyV detections that may contribute to severe respiratory illness could not be investigated. Second, the sample size was too small. Sero-prevalence data for South Africa is lacking; therefore, using 50% expected prevalence to obtain the biggest sample size for a 95% confidence interval, a 5% desired absolute precision, and a design effect of 1, plus inflation by 25% for spoilage/quality of samples, the annual expected sample for the study should have been 480 (960 for the 2 years). Lastly, the study duration was too short, as a 4-to 5-year period is required to assess seasonality and, therefore, the seasonality of HBoV, hCoV, and hPyV was not determined.
In conclusion, while low, the prevalence of hBoV, hCoV-229E, and hPyV-WU were similar to or higher than some other important viruses commonly tested for such as HMPV, PIV types 1 to 3, INFA, and INFB.
Including tests for hBoV, hCoV, and hPyV viruses in differential diagnostic algorithms for surveillance and routine diagnostics may improve our understanding of the viral etiology of SARI in hospitalised patients in a high HIV/AIDS burden country like South Africa. However, the association of these virus detections with severe respiratory illness should be investigated further. Presently, in South Africa, in order to maintain sustainability of our respiratory illness surveillance programme, expanded testing for viral etiologies are mainly conducted in patients with SARI (including deaths and intensive care unit admissions) of unknown cause through outbreak investigations and specialized diagnostic test requests, where identification of an etiologic agent is desired for possible public health action.
